INTRODUCTION
THE CONTaOVERSY over the hepato-toxic effects of the halogenated anaesthetic agents, particularly halothane, is still not resolved despite many years of continued study. The present position has been summarized in a number of recent reviews. 1- 6 A low incidence of serious liver damage following halothane was established by the U.S. National Halothane Study 7 and has been supported by similar findings reported to the British Committee on the Safety of Medicines. s Incidents of serious hepatie damage following halothane continue to be reported however, [8] [9] [10] [11] and it has been suggested that such complications occur more frequently in patients having multiple exposures to the agent. 12,1a This suggestion is, however, disputed by some. TM Evidence directly relating halothane exposure to liver damage in a cause and effect relationship continues to be unconvincing because of the high selectivity of the cases reported and the impossibility of excluding other causes of the hepatocellular damage.
The purpose of the study described in this paper, was to examine the preoperative and post-operative hepatic function of a group of patients submitted to elective operations and to compare the incidence and magnitude of the enzyme changes in patients given halothane or methoxyflurane to those occurring in patients anaesthetized with nitrous oxide and analgesic supplements.
Estimations were made of the activities of seven enzymes in pre-operative and post-operative blood samples, including a very sensitive test of hepato-cellular alteration, Arginino-Succinate Lyase (ASAL). Such enzyme tests have been show11 to be capable of detecting sub-clinical hepatic involvement which is known to occur with greater frequency following cholecystectomy. ~5 If appreciable differences in toxicity of the various anaesthetic agents occurred in normal individuals, as distinct from the rare patients with possible hypersensitivity, it could be expected that such differences might appear in the incidence and magnitude of elevated serum enzyme activity in post-operative blood samples. Although such differences may escape detection in the types of surgical procedure which are associated with only a low incidence of hepato-cellular alteration, the group of patients who had cholecystectomy might be expected to provide a particularly sensitive index of hepatic involvement. In our series, no significant differences were found between the several anaesthetic groups, either in the incidence of detectable hepatic alteration of function, or in the magnitude of the rise of enzyme activity, when this occurred in the post-operative blood samples.
PATIENTS AND METHODS
The patients studied were a group of approximately 500 who were admitted to Women's College Hospital for elective operations over a period of ten months. They were predominantly female (96 per cent) ranging in age from 15 to 90, with a mean of 46 years. Some were excluded from the statistics due to the presence of significant disease other than the surgical condition for which they were admitted. Others who showed elevated enzyme activity in the pre-operative sample were also excluded. This left a total of 478 patients, all of whom remained in hospital at least five days post-operatively.
Seven enzyme determinations were performed on the serum of each of these patients. Blood samples were withdrawn pre.0peratively for base-line assay, then on days three and five post-operatively. If there was continued elevation of the enzyme levels, further samples were taken, when possible, at two-day intervals until return of the results to normal, or until the patient was discharged.
Premeditation for operation was usually with meperidine or pantopon, and induction was with thiopentone, followed by nitrous oxide and oxygen.
Maintenance of anaesthesia in one group was with nitrous oxide, oxygen, and analgesic supplement (meperidine, Innovar, or pantopon). A second group had nitrous oxide and oxygen supplemented with halothane, while a third group had nitrous oxide, oxygen, and methoxyflurane. The choice of anaesthetic agent used in any particular case was left to the judgment of the anaesthetist who was aware that the post-operative condition of the patient was being studied. Where indicated, muscle relaxation was obtained with succinyl dicholine, d-tubocurarine or a combination of both.
A relatively small number of patients were given halothane for cholecystectomy. The reason for this was the general controversy over the possible hepato-eellular toxicity of halothane, and a circular letter issued by the Coroner's ofllce advising rejection of halothane for operations involving the liver. Halothane was also rejected as an anaesthetic agent in 20 of the patients who gave a history of previous hepatitis.
The enzyme activities measured in the sen~m samples removed were ArgininoSuccinate lyase (ASAL), Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), Isocitrate dehydrogenase (ICD), Alkaline Phosphatase (AP), Lactate dehydrogenase (LD), Creatine Kinase (CK). The methods used were standard techniques as described by Campanini, et al. Normal ranges for these enzymes were established by a statistical analysis of the pre-operative levels. The upper limit of normal was taken as the mean plus three standard deviations for the enzymes ALT, AST, ICD, AP, LD, and CK, which show an approximately normal distribution. The distribution of ASAL is skewed, and an upper limit of 4 was taken, since this included 97 per cent of the pre-operative values. This figure is in agreement with that taken by Campanini et al., 16 as the upper limit of the normal range.
The comparative sensitivity and specificity of these enzymes was discussed in a previous publication, z~ ASAL was the most sensitive index of hepato-cellular damage and was approximately twice as sensitive as ALT.
RESULTS
Of the total group of approximately 500 patients studied, 80 showed normal enzyme levels in the pre-operative sample, but significant elevations in the postoperative samples. Table I gives an analysis of the incidence of these elevated levels, with the different types of anaesthetic agent.
It is seen that 40-50 per cent of patients submitted to cholecystectomy showed detectable hepato-cellular alterations in the post-operative period. Other types of operation were associated with a much lower incidence of enzyme changes. In columns 5 and 8 of Table I the standard error is given of the difference between the incidence of abnormal tests for halothane and methoxyflurane as compared with the incidence of abnormal tests following nitrous oxide, oxygen, and analgesic supplement. With the possible exception of methoxyflurane in the pelvic operation group, there are no significant differences between the nitrous oxide-oxygenanalgesic group and those given halothane or methoxyflurane.
In order to determine whether the magnitude of the enzyme elevations were significantly different in the three anaesthetic groups, the degree of the postoperative enzyme increase was expressed as a multiple of the upper limit of the normal range, and the average values of these maximum levels are detailed in Table II .
It is seen that there is no significant difference between the anaesthetic groups in the magnitude of the average enzyme elevations in the post-operative period.
The changes in serum ASAL activity for the cholecystectomy patients with elevated enzyme levels in the post-operative period are illustrated in Figure 1 . There are no significant differences between the different anaesthetic groups in the time taken to reach the maximum enzyme activity, or in the general shape of the curve. In this group of cholecystectomy patients the post-operative temperature elevations, the initial leucocyte counts, and the possible effect of the performance of a cholangiogram during the operation were also examined.
It was found that the average temperature elevation and the time relationship of the temperature elevations were the same in the three anaesthetic groups. There was no correlation between the initial leucocyte count and the elevation of temperature or of enzyme activity in the post-operative period. The enzyme elevations observed were not significantly different in the group having operative cholangiograms from those having no cholangiogram.
DISCUSSION
The occurrence of detectable post-operative hepato-cellular alterations in an appreciable number of patients has been well established. The substantially higher proportion of patients submitted to cholecystectomy who show these changes is also well known. "~ The cause of these hepatic changes is not clear. They ,are probably due to hypoxia of liver cells caused by interference with blood flow. This could arise in the cholecystectomy patients from traction at the time of operation, with secondary hepatocellular oedema. There is evidence that it may be aggravated in this group of patients by biliary diskinaesia and raised pressure post-operatively in the biliary system. 24 This might cause a further reduction in the portal blood flow. Such minimal hepatic changes are reversible, and in our cases were clinically undetectable. They did not lead to clinical jaundice and the serum conjugated bilirubin concentration in a selected group of patients was no greater than 0.4 mgg. It would seem, therefore, that the liver of the post-operative patient is likely to contain many cells suffering from marginal hypoxia, particularly following choleeystectomy. Such cells might be expected to be specially sensitive to anaesthetic toxicity, or toxicity from any drug. The fact that there was no demonstrable difference in our series between any of the types of anaesthetic is evidence that there was no significant hepato-toxic effect of halothane in the patients studied.
Since the other drugs used were common to all the patients submitted to operation, these should not have interfered with the comparison of anaesthetic agents. The series is too small to hope to detect the rare patient with hypersensitivity. However, the series confirms that significant subclinical hepatic alterations do occur in a considerable number of post-operative patients regardless of the type of anaesthetic. It is likely that from time to time more severe damage in individual patients may lead to clinically apparent jaundice, and it would be scientifically unjustifiable to attribute this without other proof to the anaesthetic agent simply because it occurs in a specified time relationship to the operation.
A prospective study to examine the post-operative course of a much larger group of patients, comparing different anaesthetic agents and techniques would seem urgently necessary. This could be done by the examination of pre-operative and post-operative ALT levels (a test readily available, which is nearly as sensitive as ASAL) in a much larger series of cholecystectomy patients.
Only through such a large prospective study with adequate controls and documentation can it be proven whether halothane is, or is not, safer than the nonhalogenated anaesthetic agents in general use.
SUMMARY
In an attempt to gather objective evidence of possible hepato-cellular toxicity of the halogenated anaesthetics halothane and methoxyfiurane pre-operative and post-operative enzyme estimations were done on patients admitted for elective operations. The series of approximately 500 cases included 160 patients submitted to cholecystectomy, an operation associated with a high percentage of detectable alteration of hepatocellular function in the post-operative period. There was no significant difference between the groups of patients receiving halothane, methoxyflurane, or nitrous oxide and oxygen with analgesic supplement. The magnitude of the increased post-operative enzyme activity and the post-operative temperature elevation were not significantly different in the three groups studied.
RI$.SUM~
Les taux d'enzymes ont 6t~ mesur6s pendant la p6riode pr6 per-op6ratoire chez 500 patients admis '~ l'h6pital pour une chirurgie 61ective. Cette s6rie comprend 160 patients ayant subi une chol6cystectomie, intervention o6 l'on retrouve un pourcentage 61ev6 d'alt6rations d6celables de la fonction h6pato-cellulaire dans la p6riode post-op6ratoire. Les patients furent divis6s en trois groupes: le premier ayant regu de l'halothane, le deuxi6me du penthrane et le troisi6me du protoxyde d'azote avec un narcotique intraveineux. On a suppos6 que la diff6-renee de toxicit6 h6pato-cellulaire des diff6rents agents anesth6siques se r6fi6tait par une diff6rence significative de l'616vation des enzymes post-op6ratoires, en particulier chez les malades chol6cystectomis6s.
II n'a pas 6t6 trouv6 de diff6rences significatives du taux des enzymes s6riques 6tudi6s chez les malades des trois groupes et ceci m4me chez eeux qui ont subi un chol4cystectomie. Donc cette &ude n'a pas fait la preuve objective de l'h~pat~-toxicit~ des anesth~siques halog~n~s, halothane et m~thoxyflurane, ehez des patients qui ne montrent pas d'hypersensibilit~ ~ ces agents.
